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(57) Abstract 



^Hn^^^ jbly(20) for conncc&ia expandable dotted tubing (EST) ( 10) comprises tubular first and second parts (22. 24) for 

ES? Z^t. } Z**?J ) ? U * The- parts (22, 2^ are themselres slotted (26). The tree ena^thefim part 

deni^ a male portion (28) and fern^ 

cnga^ with one another and to permftexp^ 
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CONNECTOR ASSEMBLY FOR AN EXPANDABLE SLOTTED PIPE 

This invention relates to a connector assembly for use 
- connecting sections of expandable tubing a^ " 
particular but not exclusively for use in the connection of 

of T* andable slotted tubin * (est > - Z 

downhole applications in the oil . 
extraction industries. eX P lorati °* and 

Expandable slotted tubino (est* 
WO 93 \2580O (Shell Interna , ' Scribed in 

X isnell Internationale Research Maatschappij 

B V ;) , may be used . n var . oug dQwnhoie applicat . oM 

tubing copses lengths of tube which have been machined 
to create a large number of longitudinal slots. ^ 
xs relatively easy to expand the tube radially outwardly 
by, for example, running a mandrel through the tubing The 
expansion causes the slots to extend to create diamond 
shaped apertures. The tubing is useful where it is desired 

furtH eXa ; P ' 3 b ° re ^ 3 "friction without 

further reducing the diameter of the bore. Using 
conventional tubing the outer diameter of the tubing ™s7 
by necessity, be of smaller diameter than the restriction,' 
to permit the tubing to be passed through the restriction 
This reduction in the bore diameter has a number of 

ct^lT , ' PrimarUy in redUCing the Production 
capabilities of the bore. Using EST, the tubing may pass 

through a restriction into a reamed section of LrTbeTow 
the restriction. The tubing may then be expanded to a 
diameter larger than the restriction 

EST is supplied in lengths which are, at present, made 
up into a string by welding the lengths to one another 
This xs relatively time consuming and expensive and in many 
situations, for example in an off-shore operation in bad 
weather, it may be difficult to maintain consistent weld 
quality. Safety problems may also arise due to the high 
temperatures and exposed flames or sparks created by a 
welding operation. Further, in the event of a -mis-run. 
requiring the welded lengths of tube forming the EST string 
to be separated, the tubing must be cut, and the cut tubing 
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may not be suitable for re-use. 

provide '1 am ° ng ° bjeCtiveS ° f the P^sent invention to 
prov.de a means of connecting sections of EST which 
obvxates or mitigates these difficulties 

According to the present invention there is provided 
a connector assembly for connecting expandable slotted 
tubing the assembly comprising tubular first and second 
parts for mounting on the ends of respective lengths of 
slotted tubing, the parts being slotted and the free end of 
the first part defining a male portion and the free end of 
the second part defining a female portion such that the 
free ends of the parts are adapted to engage with one 
another and to permit expansion of the coupled parts in a 
corresponding manner to the tubing. 

According to a further aspect of the present invention 
there is provided a method of connecting expandable slotted 
tubing, the method comprising.- 

providing first and second lengths of slotted tubing- 
providing tubular slotted first and second parts on 
the ends of the respective tubing lengths, the free end of 
the first part defining a male portion and the free end of 
the second part defining a corresponding female portion- 
and ' 



coupling said male and female portions to connect the 
first and second tubing lengths. 

The invention further relates to a method of locating 
such connected lengths of slotted tubing in a bore 
including the step of radially expanding the lengths of 
tubing and said first and second parts to form a length of 
expanded tubing of substantially constant internal 
diameter. 

As used herein, the term "slotted- or -slots" is 
intended to encompass any cutting, machining or weakening 
of a tubular structure intended to facilitate radial 
expansion, including: slots which extend only partially 
through the tube wall and which permit the remaining 
thinned wall sections to fracture or extend; and lines of 
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drilled holes. 

The parts may be arranged with the respective slots 
aligned, though this is not considered essential to the 
successful expansion of the assembly. 

Preferably, the parts define corresponding screw 
threads, such that the parts may be made up by relative 
rotation. Alternatively, the parts may be adapted to allow 
make up by stabbing in or most preferably by a combination 
of stabbing and rotation. 

In a preferred arrangement fasteners are provided for 
securing the parts to one another; this prevents radial 
separation of the free ends of the parts when the connected 
tubing is expanded and prevents rotation of one part 
relative to the other. Most preferably, fasteners are 
located adjacent the free end of the outer female portion, 
to prevent the end from flaring outwardly on the tubing 
being expanded. The fasteners may be releasable, for 
example short screws for location in appropriate holes 
provided in the parts, such that the tubing may be 
separated in the event of a mis-run. The use of screws and 
the like, and the associated screw- holes, also provides a 
convenient means for ensuring that the parts are in a 
desired alignment. 

Preferably also, the parts define corresponding 
25 threads and are also securable to one another by fasteners. 

Most preferably, the fasteners engage the female portion 
between the free end and the threaded portion thereof. 
This arrangement may be provided at any point in the slot 
pattern. In an alternative arrangement fasteners may also 
30 be provided to engage the male portion between the free end 
and the threaded portion thereof. With this arrangement it 
is preferred that threaded portions are located on the 
"nodes" of the parts, between the slot ends, that are not 
deformed by expansion of the assembly. 

Preferably also, the portion of each part for engaging 
the free end of the other part includes an undercut ledge 
or groove, and the free end of the other part defines a 
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tongue to locate in the groove. One or both of said 
portions may define a back angle to engage with a lip on 
the end of the other part. This minimises the possibility 
of the free ends flaring on expansion of the tube; such 
5 flaring of the male end would create an irregularity in. the 

tubxng bore on which tools might be snagged. Where the 
parts are threaded, the lipped free end of the male portion 
is preferably arranged to deflect inwardly to pass the 
female thread, and to allow the parts to be at least 
10 partially made-up by stabbing in. Such deflection may be 
accommodated by providing a living hinge on the male 
portion . 

The parts may be formed integrally with the respective 
tubing lengths, or may be welded or otherwise secured 
thereto; the welding or securing operation may be carried 
out in a manufacturing or assembly facility, such that the 
tubing lengths may be delivered to sites ready for 
connection. 

External shoulders may be provided on the connector 
assembly on one or both parts to facilitate handling of the 
assembly and the connected tubing. Preferably, the 
shoulders are provided at nodes of the parts. 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
25 accompanying drawings, in which: 

Figure 1 is a sectional view of a length of expandable 
slotted tubing (EST) , shown in an expanded configuration; 

Figure 2 is a sectional view on line 2 - 2 of Figure 
1. and also shows the EST in unexpanded configuration; 
30 Figure 3 is a half section of a connector assembly in 

accordance with a preferred embodiment of the present 
invention, with the parts of the assembly shown separated; 
and 

Figure 4 is a half section of the connector assembly 
35 of Figure 3, showing the parts connected. 

Reference is first made to Figures l and 2 of the 
drawings, which illustrate a length of expandable slotted 
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tubing (EST) 10. In its initial configuration, the tubing 
10 is simply a length of pipe in which a series of 
longitudinal slots 12 have been machined (shown as tube 10a 
with slots 12a in Figure 2). Applying a radially outward 
force to the tubing wall, for example by passing a mandrel 
through the tubing, causes the tube to expand such that the 
slots 12a become diamond shaped openings 12b, as described 
in WO93\25800. 

The tubing 10 is supplied in lengths suitable for 
transportation and handling and these are joined to one 
another on surface to create a tubular string. The 
connector assembly 20 as illustrated in Figures 3 and 4 of 
the drawings is used to connect such tubing lengths. The 
assembly 20 comprises a first part 22 and a second part 24, 
which are mounted on the ends of the respective tubing 
lengths. In this particular example the parts 22, 24 are 
adapted to be welded to the tubing ends. The parts 22, 24 
are intended to expand in a similar manner to the tubing 
10, and as such are provided with similar longitudinal 
20 slots 26. 

The free end of the first part 22 is machined to form 
a male portion 28 and the free end of the second part 22 
defines a corresponding female portion 30 adapted to 
receive the male portion 28, as will be described. Both 

25 portions 28, 30 carry corresponding screw threads 32,33 
such that the parts 22, 24 may be made up by relative 
rotation. The threads are located on the "nodes" 27a, 27b 
of the fingers 40, 41 formed by the slots 26, that is the 
areas between the slot ends which remain substantially 

30 undeformed following expansion of the assembly 20. 

Bach part 22, 24 also defines a respective undercut 
ledge 34, 35 for engaging the free end of the other part 
36, 37, which is of corresponding form. The ledge 35 
formed on the second part 24 defines a back angle and co- 

35 operates with a radially extending lip 39 on the free end 
of the first part 36. This serves to prevent the free ends 
of one part separating from the other part on expansion of 
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the tubing. To permit the free end 36 of the first narf , 
be defies inwardly, allowing ^ 

the screw thread 33 on the second part, the fLt part 22 
defines a living hinge 36. It will be noted that ^ * 

" TT 3 relatiVSly 1009 diSt3nCe ^ '~ "nd 

3 such that only small degree of deflection is necessary 

38 to aiiow the - - — - ~ 

As noted above, the slots 26 in the parts 22, 24 are 

hole 42 V' "* eaCh ° f th6Se £in?e " defi - s a 

hole 42 43. The holes 43 in the second part are counter- 
sunk whereas the holes 42 in the first part 22 are 
threaded such that the fingers 40. 41 may be secured to one 
another using a number of short screws 44. The screws 44 
are located adjacent the free end of the second part, as 
the fingers 41 will have a tendency to flare outwardly on 
expansion of the tubing. i„ addition, a line of screws may 
also be provided on the other side of the threads 32 33 
and in this case it may not be necessary to provide a'back 
angle on the ledge 35, as the additional set of screws will 
prevent the expanded fingers 40 from separating from the 
expanded part 24. If the back angle on the ledge 35 is not 
reguxred, the radially extending lip 39 maybe omitted and 
thus there is no requirement to provide the living hinge 
38. w 

To connect two lengths of tubing provided with the 
tubing connector assembly 20, the parts 22, 24 are brought 
together, or stabbed in, such that the free end 36 of the 
first part passes inside the free end 37 of the second 
part, the end 36 being deflected inwardly to ride under the 
screw thread 33. Once the screw threads 32. 33 come 
together the first part 22 is rotated relative co the 
second part 24 until the parts 22, 24 are securely engaged 
If necessary, the first part 22 is then rotated in the 
opposite direction to bring the holes 42, 43 into 
alignment, which also serves to bring the slots 26 in the 
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parts 22 24 into alignment ^ 
secured in the holes 42, 43. 

The desired number of tubi™ 

tuexng sections are connected ir, 
this manner to form a R t-T-<„„ , connected in 

d*.™,* ! 9 and run downhole to the 

desired location within the bore. The tubing and the 
connector assemblies may then be expanded to the desired 
diameter. However i™ -u^ esirea 

7 easii Y by removxng the screws 44 
unscrewing the first an* ^ , 

a w«e txi-sc and second parts 22 54 *u 

witbdra^ the male portion 28 from' the fell/ or" 
It will be clear to those of skill in the art that the 
above-described embodiment is me rely exemplary of h 
Present invention, and may be subject to various 
modifications and improvements without departing from the 
scope of the invention. 
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slotted t T ^ (20) f ° r —ting expandable 

jotted tubxng , 10 , , the assembly comprising tubull f irst 
and second parts (22, 24 , for mo on 
respective lengths of slotted tubing, the oarJ t 
slotted , 26 , and the free end of the fLt^art atfininH 
male portion („, and the free end Qf ^ 

defxnxng a female portion ,30, such that the free ends of 
the parts are adapted to engage with one another and to 
permit expansion of the coupled parts in a corresponding 
manner to the tubing. F 9 

The connector assembly of claim 1 wherein the parts 
24) are arranged with the respective slots (26) 



2. 
( 22< 

aligned 



3 The connector assembly of claim 1 or 2, wherein the 
parts < 22 , 24) define corresponding screw threadg 

33, such that the parts may be made up by relative 
rotation. 



4. The connector assembly of claim 1, 2 or 3, wherein the 
parts ( 22 , 24) are adapted to allow make up by stabbing in. 



5. 



The connector assembly of any of the preceding claims 
wherein the parts < 22 , 24 > define corresponding screw 
threads (32, 33, and are adapted to allow make up by a 
combination of scabbing in and rotation. 

25 6. The connector assembly of any of the preceding claims 
wherein fasteners (44) are provided for securing the parts 
(22, 24) to one another. 

7. The connector assembly of claim 6, wherein the 
fasteners (44) are located adjacent the free end of the 
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female portion (30), to prevent the end from flaring 
outwardly on the tubing being expanded. 

8. The connector assembly of claim 6 or 7, wherein the 
fasteners (44) are releasable. 

9. The connector assembly of claim 8, wherein the 
fasteners are screws (44) for location in appropriate holes 
(42, 43) provided in the parts (22, 24), such that the 
tubing may be separated in the event of a mis-run. 

10. The connector assembly of any of the preceding claims 
wherein the parts (22, 24) define corresponding threads 
(32, 33) and are also securable to one another by fasteners 
(44) . 

11. The connector assembly of claim 10, wherein the 
fasteners (44) engage the female portion (30) between its 

15 free end and the thread (33) thereon. 



10 



12. The connector assembly of claim 11, wherein fasteners 
are also provided to engage the male portion (28) between 
its free end and the thread (32) thereon. 



13. The connector assembly of any of the preceding claims, 
wherein the parts (22, 24) define corresponding screw 
threads (32, 33) and the threads are located on the nodes 
of the parts. 



14. The connector assembly of any of the preceding claims 
wherein the portion of each part (22, 24) for engaging the 
free end of the other part (24, 22) includes an undercut 
groove (34, 35) , and the free end of the other part defines 
a tongue (37, 36) to locate in the groove (34, 35) . 

15. The connector assembly of claim 14, wherein at least 
one of said portions defines a back angle to engage with a 
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lip (39) on the end of the other part. 

b. « i«« p . ttl . lly Mde . up by , t y ^ in ; u ™ «• p«» t „ 

17. The connector assembly of claim v . 

deflection is accomodated by provid"" 1 « T " 

on the male portion (28) . Pr ° Vldlng a llvin 9 hinge (38) 

inereiTt~: r r 2 r e r 4 r of r ° f th * ™* — 

respective t^. ^ ^ ^ 

19. The connector assembly of anv ^ i . 

respective tubing lengths do) . t0 the 

=r .=r i-^js ~ — 

and the connected tubing (io) . 

21. The connector assembly of claim 20, wherein th„ 
shoulders are provided at nodes of the parts (22 L) . 

22. A method of locating lengths of slotted tubina (10) 
connected with the connector assembly (20, of »y !f th 
preceding claims in a bore, including^ step o7rad a l\! 

of eubsLtially-c^t IZLT^^ ~* 

meth ° d ° f coan ^ting expandable slotted tubing, the 
method comprising: 9 

providing first and second lengths of slotted tubing 



9 



WO 96/37681 

PCT/GB96/01250 

11 

(10) ; 

providing tubular slotted first and second parts (22 
24) on the ends of the respective tubing lengths do, , the 
free end of the first part defining a male portion (28) and 
the free end of the second part defining a corresponding 
female portion (30) ; and 

coupling said male and female portions (28, 30) to 
connect the first and second tubing lengths (10) . 



WO 96/37681 



PCT/GB96/01250 



1/3 




o 
o 



SUBSTITUTE SHEET (RULE 26) 



WO 96/37681 



PCT7GB96/01250 



2/3 




SUBSTITUTE SHEET (RULE 26) 



WO 96/37681 



PCT/GB96/01250 




INTERNATIONAL SEARCH REPORT 



Into «uJ Applicants No 

PCT/GB 96/01250 



A. CLASSIFICATION OF SUBJECT MATTER "~ 

IPC 6 E21B17/08 E21B43/10 E21B43/08 



According to Intennoonii Patent Oamflcataoo (IPC) or to both aaaocvij damnation «od IPC 



B. FIELDS SEARCHED 



Mintnan docuznamoon searched (< 

IPC 6 E21B F16L 



Docu 



Electronic d*t» base cocmilud dunni the ntcmittcau) lurch (name o< dan base and. wtxre pracacat. 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Celefpry' 



who* appropriate, of fht relevant ptmfcs 



Relevant to djno No, 



FR,A,1 565 562 (RABUEL) 2 May 1969 
see page 2 t left-hand column, line 43 - 
right-hand column, line 4 

FR,A,2 359 358 (SOCIETE ANONYHE FRANCA] SE 

DU FER000) 17 February 1978 

see page 2, line 21 - page 3, line 30 

US,A,4 349 050 (BERGSTROM) 14 September 
1982 

see column 2, line 6 - column 3, line 6 

US,A,2 633 374 (BOICE) 31 March 1953 
see column 3, line 67 - column 4. line 4 

W0,A,92 01139 (MOBILEAU) 23 January 1992 
see abstract 



1,22,23 

1,22,23 

1,22,23 

1,22,23 
1,22,23 



tan listed la toec 



iof boaC 



[X~| Patent (tuMy member* arc titled in s 



" Sped*! atefpria of cited d 



to W of pMar idcvattte 



i of the art 



Mtf t w JL JiS hcd sfter the Btenxiiional ( 
date and not m conflict at* the Mb 



L* docancflC wMcfc nay *ro» doubts on priority daina*s) or 
i^ttdttdtoriT.M^tbe P i<A<^^of«>^ CT 




later than the priority date 




Date of the actual < 



24 September 1996 



Date of madinf of tta international starch 

26.09.96 



Name and raailiof addrm of the ISA 

European Patent Office, P.a Stlt Pet 
NL - Z2S0 KV Ri*n4* 
TeL (+31-70) T*. 31 651 cpo nl. 

Fax (♦ JI-10) MfrJOM 



Sogno, H 



l*«n» FCT/ISA/31S d 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



tote. ml Applicaeoo No 

PCT/GB 96/01250 



C^Coptunanon) DOCUMENTS CONSIDERED TO BE RELEVANT* 
Cairjory * | Out on of 



«Pt>PopnMe. of toe rctcv«nt 



Relevant co dam No. 



DE.U.87 06 962 (INTERATOM GMBH) 24 
September 1987 

see page 3, line 6 - line 29 

S^*;" 25890 (SHELL INTERNATIONALE 
JgEARCH MAATSCHAPPIJ B.V.) 23 Oeceoter 

cited in the application 
see abstract 

GB.A.792 886 (HUNTSINGER) 2 April 1958 
see the whole document 

0E,A,40 10 234 (KARL SCHONGEN KG FORHENBAU 
UNO KUNSTOFFVERARBEITUNG) 2 October 1991 
see claim 1 

DE.C.41 33 802 (HAWERKAMP) 22 October 1992 
see abstract 



1,22,23 
1,22.23. 

1,22,23 
1,22,23 

1.22,23 



i +mO {My |t«> 



page 2 of 2 



INTERNATIONAL SEARCH 



REPORT 



PCT/GB 96/91250 



Patent document 
cited in rcirch report 



Publication 
due 



Patent family 
It) 



dxtt 



FR-A- 1565562 


02-05-69 


NONE 






FD-A-73QQ3C0 
r K-M-C JD17J30 


17 AO OA 

17-02-78 


DE-A- 


2732493 


26-01-78 






JP-A- 


53034118 


30-03-78 


US-A-4349G50 


14-09-82 


NONE 






US-A-2633374 


31-03-53 


NONE 






WO-A-9291139 


23-01-92 


FR-A- 


2664355 








AU-A- 


8104091 








EP-A- 


0536256 


14-04-93 






US-A- 


5425559 


20-06-95 


DE-U-8706962 


24-09-87 


NONE 






WO-A-9325800 


23-12-93 


AU-A- 


4324593 


04-01-94 






CA-A- 


71 375fi5 








EP-A- 


9643795 


22-03-95 






JP-T- 


7507611 


24-08-95 






NO-A- 


944746 


03-02-95 






NZ-A- 


253125 


27-02-96 






US-A- 


5366012 


22-11-94 


GB-A-792886 




NONE 






DE-A-4010234 


02-10-91 


NONE 






DE-C-4133802 


22-10-92 


NONE 







FCT4JA,7lt <p*«tt Omify m*u) (My 19*2) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□iiADED TEXT OR DRAWING 

J^TbLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

ZES OR MARKS ON ORIGINAL DOCUMENT 
iERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



